OBJECTIVES: Spontaneous pneumothorax (SP) results from the rupture of blebs or bullae. It has been suggested that changes in weather conditions may trigger the onset of SP. Our aim was to examine the association between the onset of primary SP with weather changes in the general population in Sapporo, Japan.
INTRODUCTION
Spontaneous pneumothorax (SP) results from the rupture of subpleural blebs or emphysematous bullae. It remains unknown why blebs or emphysematous bullae rupture. Primary spontaneous pneumothorax (PSP) is common among young men. The onset of pneumothorax is not constant in a clinical setting. It is reported that the occurrence of SP increases as the atmospheric pressure (AP) decreases and with deterioration of the weather [1] [2] [3] [4] [5] . However, it is reported to be independent of the weather conditions, as well. Nevertheless, most cases of pneumothorax are investigated using the mean AP for 1 day. The mean AP differs by the hour in the daily mean AP. If the value of pressure per hour is used, it is possible to investigate a detailed relationship between the onset of SP and pressure change. In a population within a limited region and within a certain period of time, will the weather conditions affect the onset of PSP? The purpose of this study was to examine the association between the onset of SP and weather changes in the general population in Sapporo, Japan.
PATIENTS AND METHODS

Patients
The hospital database was used to obtain the following information: age, gender, smoking status, treatment methods of PSP and date of onset of PSP. Patients with PSP diagnosed by chest radiography were enrolled in this study. Secondary SP patients with pneumoconiosis, tuberculosis, lung cancer and interstitial pneumonia were excluded. Also included were cases of ipsilateral recurrence of pneumothorax after surgery and contralateral pneumothorax on the same patient. From January 2008 through September 2013, 345 consecutive cases of 290 patients with a diagnosis of SP were reviewed.
The mean age of the patients was 36.0 ± 19.5 years, and there were 304 men and 41 women. There were 228 cases from the Sapporo City General Hospital Thoracic Surgery and 115 cases from the Sapporo Medical University. There was SP onset on 301 days, and no SP onset on the remaining 1800 days. There were 98 cases who required drainage only, and 245 cases required surgery (Table 1) .
Methods
At the time of admission, the patients' clinical status, date and time of onset of SP and location during the onset of SP were investigated in detail. Diagnosis of SP was confirmed by chest radiography. Only the patients who lived in Sapporo Prefecture were included. All SPs occurred within 40 km from the Sapporo District Meteorological Observatory. The difference in changes of AP above sea level was ignored, because it was very small. The onset of SP was defined as the day when the patients felt sudden chest pain with or without breathlessness. The chest pain was dull or sharp or stabbing and was worsened by breathing deeply or by coughing.
Weather conditions and hourly local AP of the Sapporo District Meteorological Observatory were obtained from the Japan Meteorological Agency website. Difference in AP and a variety of weather conditions (minimum temperature, maximum temperature, hours of sunshine, mean humidity, precipitation and presence of thunderstorm) were analysed between days with PSP and days without.
Data extraction and analysis
In 2101 days (50 424 h), the hourly APs of the Sapporo District Meteorological Observatory were extracted. For 50 424 h, the pressure difference from 24 h up to 96 h every 24 h was calculated using the formula as shown in Fig. 1 . The maximum increase, maximum decrease and maximum fluctuation were extracted in each period of up to 24, 48, 72 and 96 h before the survey date. These formulae are not specific and be able to be easily calculated by using data of the hourly APs. Each reference point of AP was based on the AP value at 24, 48, 72 and 96 h before the survey date. There were 345 cases of PSP with onset in 301 days. The remaining 1800 days showed no onset of pneumothorax. We investigated the relationship between the day of onset of pneumothorax and pressure changes.
Statistical analysis
A receiver operating characteristic curve was used to illustrate and evaluate the cut-off value for the detection of the onset of PSP. The cut-off value was determined by the use of the point where the distance between coordinate point (1, 1) and receiver operating characteristic was the shortest. Differences in some factors between days with and without PSP were analysed using the v 2 test for categorical variables and Student's t-test for quantitative variables. A logistic regression analysis was performed to predict the prognostic factors for the onset of PSP. A P-value of <0.05 was considered to be significant. All analyses were performed using a statistical software package (SPSS, IBM, Chicago, IL, USA).
RESULTS
The differences in values of changes in AP were observed. Maximum increase in AP during 72 h before the survey date was significantly higher on days with pneumothorax than on days without (14.1 ± 7.4 vs 12.7 ± 6.7 hPa, P = 0.002), and similarly, maximum fluctuation during 96 h before the survey date was also higher (20.9 ± 11.2 vs 19.0 ± 9.9 hPa, P = 0.004) ( Table 2) . For logistic analyses, each cut-off was determined by the use of receiver operating characteristic curve. More PSP occurred significantly when the AP decreased by -18 hPa or less during 96 h before the survey date [odds ratio (OR) = 1.379, confidence interval (CI) = 1.040-1.829, P = 0.026], when the pressure increased by 15 hPa or more during 72 h before the survey date (OR = 1.405, CI = 1.095-1.803, P = 0.007) and by 9 hPa or more during 96 h before the survey date (OR = 1.373, CI = 1.074-1.756, P = 0.011) and when maximum fluctuation in AP was 15 hPa or more during 48 h before the survey date (OR = 1.335, CI = 1.045-1.803, P = 0.021) and 22 hPa or more during 96 h before the survey date (OR = 1.519, CI = 1.180-1.956, P = 0.001) ( Table 3 ). The differences in other weather conditions, including the presence of thunderstorms, were observed between days with the onset of PSP and days without (Table 4) .
DISCUSSION
SP results from the rupture of sub-pleural blebs or emphysematous bullae. It remains unknown why blebs or emphysematous bullae rupture. However, the onset of pneumothorax has increased in conditions when the climate changes and due to the presence of chronic fatigue, mental stress and physical stress, such as lack of sleep. Sato et al. [6] showed that a decrease in AP stimulates the sympathetic nerve and causes exacerbation of chronic pain. In addition, when playing a wind instrument, the changes in airway pressure also affect the onset of PSP [7] .
Various reports have been made as regards the weather conditions and pneumothorax. Cran and Rumball [8] reported that the onset of pneumothorax was increased among Air Force personnel from changes in airway pressure. There is also a report on pulmonary barotrauma among divers by Raymond [9] AP alters slightly the airway pressure. There is a report on bias in the changes in airway pressure in relation to the onset of PSP. To assume that a variety of environmental factors causes rupture of a lung cyst is reasonable; however, several studies have reported that the change in AP increased the onset of pneumothorax [1] [2] [3] [4] [5] . Bense [1] showed that outpatients with pneumothorax were subsequently hospitalized due to significantly increased pneumothorax 2 days after pressure reduction at 10 hPa or more during 24 h. Scott et al. [2] also demonstrated that significant changes in AP influenced the onset of pneumothorax. Alifano et al. [3] showed the association between development of pneumothorax and occurrence of thunderstorms. Ozpolat et al. [4] reported that the APs 1 and 2 days before the onset of SP were significantly lower than the APs on the days without onset of SP. Haga et al. [5] demonstrated that on days with PSP, the difference in mean AP between the days before and the day of PSP was 0.6 hPa lower than on days without PSP. As the small difference is statistically significant, they believe a change in AP can influence blebs rupture. Our results support their opinion about the onset of PSP (Table 5) . Each research has shown the positive relationship between the onset of PSP and AP by a different method. Most of the past reports applied the mean AP or every few hours AP of the survey date. In our study, we applied the hourly AP data of a limited area (Sapporo). The use of hourly AP data might enable us to investigate in more detail the causal relationship between the onset of PSP and AP changes than the use of daily data. This is the first report to clarify the relationship between the amount of AP change and onset of PSP by the use of hourly AP data in a limited area.
We limited our cases of PSP to those with known days of onset. In Sapporo, the difference in the daily mean AP between the survey date and the day before was approximately 23.0 to -28.7 hPa, whereas the difference among hourly time pressures of the day doubled to approximately 46.1 to -55.5 hPa. The greatest value f maximum AP fluctuation was also high at 85.1 hPa. We cannot detect a large change in AP during a short time if the daily AP data are applied. Compared with the daily mean AP, the significant association between the AP and the onset of pneumothorax was shown clearly using the hourly AP.
In this study, there were no significant differences in mean AP on the survey date between days with onset of PSP and days without as shown by previous studies, whereas the changes in AP during a definite duration, such as approximately 24-96 h before the date of PSP onset, affected the onset. Changes in AP 24 h before the date of PSP onset did not affect the onset. The results might show that the onset of PSP depended not only on the amount of change in AP but also a certain amount of time although the onset is sudden. On the other hand, an increase in AP 72 h before the date of PSP affected the onset. No previous studies have shown the relation between the increase in AP and the onset of PSP. Furthermore, fluctuations in AP affected the onset of PSP. We could not evaluate the order and times of the increase and decrease in AP during the period. These results show that an increase in AP has an indirect rather than direct effect on the onset of PSP as it results in a greater decrease in AP if it occurs before this decrease.
Strengths and limitations
In our study, we used the clinical records of the two city hospitals in Sapporo, Japan. In this limited area, accurate data on weather conditions, including the hourly AP in Sapporo, were collected from national meteorological agency. Secondly, clinical data on patients with PSP which occurred within a 40-km-wide area were applied. Finally, several meteorological parameters, especially the amount of changes in AP, were assessed. The main limitation of this study was the retrospective analysis of clinical records, which may create substantial bias.
CONCLUSION
Using data on hourly AP, changes in AP influence the onset of PSP. Future studies on the relationship between the onset of PSP and weather conditions on days other than before the onset and with large number of patients may enable us to predict the onset of PSP in various regions and weather conditions.
